Abstract -First arrival dates for 115 species of migratory breeding birds were gathered by 89 observers across the state of Maine during the spring migration of 1994. Arrival dates in the 15 Biophysical Regions of Maine, regions based on vegetational, climatic, and physiographic patterns, yielded insight into the tim? ing of spring migration. Unexpectedly, few species showed significant differ? ences in their average arrival dates among the Biophysical Regions. Most significant differences involved later arrivals in the far northern portion of Maine. Birds were not late in arriving in the Western Mountains compared to lowland areas of the state. The study provides the most intensive data for a single year on arrival dates of migratory breeding birds in Maine.
INTRODUCTION
The state of Maine spans a pronounced gradient in temperature, snowfall, rainfall and other abiotic features. This climatic variability results in distinctive and predictable changes in plant communities.
Climatic and vegetational patterns were combined by McMahon (1991) to produce a map of Biophysical Regions of Maine, each with a unique combination of climate and vegetation (Fig. 1) .
It is reasonable to expect that the distribution of animals will be determined in part by climate and vegetational characteristics of a habi?
tat. In this contribution, we examine patterns of arrival dates for 115 species of Maine breeding birds that winter south of Maine, and relate them to climatic differences across the state. In Maine, the greatest climatic difference between Biophysical Zones occurs between the rela? tively mild South Coastal Region (frost-free period of 140-160 days, average July maximum temperature of 81 ?F, average January minimum temperature 14 ?F ) and the Boundary Plateau Region (frost-free period of 80 days, average July maximum temperature of 75 ?F, average Insects and other folivores probably appear earlier in southern Maine than in other Biophysical Regions in the state. The likelihood of this pattern is suggested by a phenological study of balsam fir {Abies balsamea) which indicated that plant growth in southern Maine was initiated 12 days before growth in northwestern Maine (Boundary Pla?
teau Biophysical Region) (Mingo and Diamond 1979) .
It is possible that bird migration might mirror these phenological differences. We predicted that bird species arrivals would fan out to the north and west from relatively mild southern coastal regions, following the progression of changes in climate and biological variables. sons were performed to determine where significant differences lay (Sokal and Rohlf 1981) . Statistical tests were performed using Statview II and SuperANOVA on a Macintosh computer.
To determine if cold fronts might have influenced migration by causing fall-outs of northbound migrants, Daily Weather Maps from the National Data Analysis Center were examined to determine when large cold fronts passed through Maine. Eighteen fronts passed through Maine between March 21 and May 31, 1994. The number of first arrival dates before the front was compared to the number recorded on the day when the front passed through. If weather-related fall-outs occurred, one expects that the arrival dates after the front will be higher than the number recorded just before the front passed through. Similarly, we compared the number of arrival dates on the day of the front passage to the number of arrival dates a day later. For both of these analyses, %2
analysis was used to compare the number of times the arrival dates on the date of front passage exceeded the day being compared (before or after the front). Front-related effects are episodic in nature unlike the gradual amelioration of climate in the spring from south to north. We believe it is necessary to attempt to tease apart these two potential impacts of arrival data.
The precision of the arrival data could be reduced if most observations are made on weekends. A preponderance of weekend observations might detect the arrival date of a given species in different regions on the same day when one species might have arrived earlier during the week in one region. The number of arrival dates for each day of the week was calculated and differences were tested for significance using %2 analysis.
Between April 15 and May 31, 1994, the ten dates with the most arrival dates were identified. Each was classified according to week? end or weekday observation and cross-classified according to the pres?
ence or absence of a cold front. Expected values were determined on the basis that 11 out of the 47 days in the period were weekend days and 10 out of the 47 days experienced a cold-front. A two-factor (weekend versus weekday; cold front versus clear weather) %2 analysis tested for significant deviations from random.
RESULTS

Arrival Dates
Contrary to expectation, the majority of bird species showed no significant differences in arrival date across the state of Maine. The mean arrival dates for 115 species among Biophysical Regions are given ANOVA indicated there were significant differences among the means (p < 0.05). The right-most column of Table 2 indicates the results of Bonferroni-Dunn post hoc pair-wise contrasts. We will not list each significant difference in the text but will point out that most of the significant differences involve a significantly late arrival date into northern Aroostook County (Regions 1 and 2, or Regions 3 and 4) or into the Central Highlands (Region 5).
Day of the week bias To obtain the most accurate data on arrival dates, constant observa?
tion efforts for each day of the spring migration period are desirable.
However, many observers have difficulty finding time during weekdays for ornithological observation and hence provide more weekend obser?
vations. Weekend observations were more frequent than weekday ob?
servations (1,842 observations on weekends (mean of 921/day)) com?
pared to 3,005 on weekdays (mean of 601/day). A %2 test showed that there was significant deviation from random in the reporting of first arrival dates ( %2 = 168.1, p < 0.001).
Weather effects
Between March 25 and May 31, 1994, 18 strong cold fronts passed across the state of Maine (National Climatic Research Center data). For eight of those dates, the number of first arrivals on the date of passage was greater than the number on the previous day before the front passed through. There is no significant difference in the number of days where the front date had more arrivals than the following dates compared to the number of days where the difference was reversed (%2 = 0.111, p > 0.75).
Comparing the arrival dates on the front date versus the day afterward, greater arrival dates were reported on the front date for 12 of the 18 dates. This frequency was not different from random (%2 = 1.03, p>0.31).
For the period April 15 until May 31, the ten dates with the most Table 1 . Average 1994 arrival date in the state of Maine for 115 migratory breeding birds. The mean arrival date and the earliest arrival date are given for each species along with the sample size for that species and standard deviation of arrival date as a measure of the synchrony of the migration of each species. Species followed by an asterisk showed significant differences in arrivals in different portions of the state (see Table 2 ). The species are arranged in the phylogenetic order adopted by the American Ornithologists' Union. (Mingo and Dimond 1979) , this lack of significant results is surprising, particularly for leaf-gleaning birds like red-eyed vireos, yellow warblers and other insectivores. For the 17 species that did show a significant difference in arrival date across the state, the northern tier of zones usually had later arrivals (Table 2) . These species conform to the predictions that arrival dates are a function of the pro?
gressive amelioration of weather and vegetational change from southern coastal/lowland areas to northern inland areas. However, the data cannot differentiate between two possible hypotheses for arrivals: south to north migration or coastal to inland migration.
Consideration of the standard deviations of arrival dates reveals some intriguing patterns ( Table 1) It is inevitable that some migratory breeders may have arrived locally during a weekday but were not detected until a local birder got into the field on a weekend. However, a considerable number of sightings of first arrivals were made on weekdays, indicating good coverage during the whole period.
It is well known that cold fronts cause migrating passerines and other birds to cease their migrations, producing a fall-out (Richardson 1978) .
Low pressure systems with their counterclockwise rotations have north?
erly winds on the advancing side; these are favorable winds for migra? tion. As the front passes through, winds shift to a southerly direction, sometimes producing spectacular groundings of migrants (Imhof 1953 , Proescholdt 1961 , Richardson 1966 , Forsyth and James 1971 . Eigh?
teen such fronts occurred during the spring of 1994. However, fronts seemed to play only a minor role in the timing of bird arrivals into the state because no significant effects of fronts were documented. Consid-
